A minimalist stochastic model of primary soil salinity is proposed, in which 2 the rate of soil salinization is determined by the balance between dry and 3 wet salt deposition and the intermittent leaching events caused by rainfall 4 events. The long term probability density functions of salt mass and concen- 
Introduction
Large areas of cultivated land worldwide are affected by soil salinity. Szabolcs [1989] estimates that 10% of arable land in over 100 countries, and nine million km 2 are salt 18 affected, especially in arid and semi-arid regions [Tanji , 1989] . Salinity refers to large is usually done by leaching salts, and has resulted in the concept of leaching require-27 ment [Richards, 1954; Hillel , 1998; Schleiff , 2008] . Alternative amelioration strategies by 28 harvesting salt-accumulating plants appear to be less effective [Qadir et al., 2000] .
29
parameters. The model framework is potentially extendible to systems including salt 48 input from groundwater and irrigation. 
Methods
Our starting point is a spatially lumped model [Bras and Seo, 1987] the soil and increases leaching frequencies) will be given elsewhere.
74
A complete numerical model, in which the impact of osmotic stress in reducing ET is 75 explicitly included [Bras and Seo, 1987] , has been also studied. Moreover, in the detailed 76 model runoff takes place at saturation (s = 1), while percolation occurs for s > s f c (the soil 77 moisture field capacity), and it is proportional to the soil hydraulic conductivity K sat s c ,
where c is a soil-pore connectivity index and K sat is the saturated hydraulic conductivity
79
[Rodriguez- Iturbe and Porporato, 2004] . A comparison between the results of the two soil 80 moisture models, presented in Figure 1a , suggests the viability of the simplified model.
81
Simulations for wetter climates confirm this result.
82
The system (1) and (2) at those long timescales, say T , the salt mass input flux can be assumed to take place 88 at a constant rate, Υ, that is 
Leakage may then be modelled as a marked point process, with percolation depths ex- and γ = γ P nZ r (s 1 − s w ).
103
A leaching-efficiency parameter b is used to account for incomplete salt dissolution,
104
further assuming that the typical value of soil moisture during leaching events can be 105 approximated by the value s 1 . With the above assumptions, the dynamics of the salt 106 mass in the root zone can be described by a single equation
where L respectively.
112
From a mathematical viewpoint, equation (4) Den Broeck , 1983] . Accordingly, the normal rules of calculus are preserved, and equation
116
(4) can be transformed into 
Results and Discussion
The stationary solution of (6) can be obtain as in Rodriguez-Iturbe et al. [1999] . Then 119 using the derived distribution for m, i.e., p(m) = p(y)dy/dm, we obtain the probability 120 distribution for the salt mass in the root zone
where
) and Γ(x) is the Gamma function. Equation (7) X -10 SUWEIS ET AL.: STOCHASTIC SOIL SALINITY p(C) as the quotient distribution of two independent random variables [Curtiss, 1941] ,
The comparison between analytical solutions and numerical simulations (Figure 3) shows 159 that the analytical solution reproduces reasonably well the pdf of the complete model.
160
By integrating equation (8) from a given concentration value C * to infinity, one obtains 161 the cumulative pdf of C, P (C * ), which is the probability of having a salt concentration 
